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Vitelline Coat of the St(Jfffish Oocyte 
The vitelline coat of the starfish egg consists of a layer of substance which is 
secreted by the egg cell during the latter part of oogenesis. In fnlly developed 
oocytes of Asterias amurensis, in which meiosis will follow the natural impulse to 
spawning or experimental exposure of the cells to sea water, electron micrographs 
show that the vitelline coat consists of a smooth-surfaced outer layer of condensed 
material and a sinrilar inner layer, separated from the plasma membrane proper by 
a narrow space, but closely adhering to the surfaces of the microvilli (Figs. 1, 7). 
These are rounded projections of the cell membrane, about 0.2f.' in length and <0.1 
1• in diameter, which are regularly distributed about 0.11' apart over the whole 
egg surface. Toward the end of meiosis, there is a tendency for these microvilli 
to become isolated ·from the cytoplasmic surface; they then appear as spheres 
embedded in the vitelline coat, while the plasma membrane remains roughened at 
the points of separation (Fig. 1). 
While the germinal vesicle is intact, the space between the outer and inner 
layers of vitelline coat substance is practically empty, but by the time the first 
meiotic division is complete (about 90 min. later at 15'), it becomes filled with 
material like that of the bounding layers, but somewhat less dense. This material, 
after osmium fixation and in unstained sections, has a homogeneous appearance, 
with an electron density like that of the cortical granules. The vitelline coat at this 
stage is about 0.251' thick. 
In his extensive study of the physical characteristics of marine ova by means 
of microdissection, CHAMBERS (1921) found that in young ovarian oocytes of 
Asterias the vitelline coat offered no more resistance than that of the mature sea 
urchin egg to being severed by the pressure of a glass needle, whereas, operating 
with care, he was able to divide the cytoplasm of a "maturated egg" into two 
masses while leaving the vitelline coat intact. 
This result, together with the microscopically observable thickness of the 
layer in question, led CHAMBERS to conclude that the starfish egg is surrotmded by 
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a to,ugh vitelline membrane, but it must be recalled that he was performing a 
delicate operation "with great care", and that his standard for comparison was 
the vitelline coat of the sea urchin egg, which is so thin that special methods must 
be employed to make it clearly visible even in electron micrographs. 
Other observations, moreover, are difficult to reconcile with the notion that 
the vitelline coat of the starfish egg is composed of elements which would give it 
any considerable degree of structural integrity or capacity to resist deformation. 
For example, the polar bodies pass through the layer without lifting it or undergo-
ing any change in their spherical shape (unlike those of bivalve eggs, which cause 
a local bulging of the vitelline coat without rupturing it, and are held beneath it, 
compressed against the plasma membrane). When fertilization takes place 
simultaneously with the extrusion of a polar body, the latter may be incorporated 
into the vitelline coat. Such polar bodies are markedly flattened and stretched as 
the vitelline coat is expanded to form the fertilization membrane, indicating that 
the vitelline coat substance has considerable adhesive capacity. 
Starfish eggs inseminated as the polar bodies are being given off form 
exaggerated fertilization cones; these temporarily extend through the vitelline coat, 
which closes over again, leaving no trace of their existance after the cones are 
retracted. 
In thin sections of eggs fixed three minutes after insemination (Fig. 2), the 
vitelline coat, separating from the cytoplasmic surface as the incipient fertilization 
membrane, appears as a simple layer of homogenous material, in which there 
can be found no suggestion of its recent association with the microvilli; i.e, its 
substance has been rearranged within about two minutes to au extent sufficient to 
obliterate the indentations of the attached microvilli and dispose in some way of 
the spherules of microvillar origin described above. 
Finally, TYLER, MoNROY, KAo and GRUNDFEST (1956) experienced no difficulty 
in passing a microelectrode through the vitalline coats of Asterias eggs, although 
they had to use special means to pierce the cytoplasmic surface. 
These scattered observations suggest that the layer of material making up the 
vitelline coat of the starfish egg may prove to have a very low factor of elasticity, 
possibly because it is in a semifluid condition. 
Preliminary results of a study using cytochemical methods to ascertain the 
general nature of this material show that the vitelline coat of Asterina pectinifera 
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Eggs of Pseudocentrotus depressus were fixed with the same fixatives, sectioned 
and stained together with the starfish material as controls. In these the cortical 
granules of the unfertilized eggs gave a similar re~ction,. positive for •:id mucopoly-
saccharide, with Alcian blue and aldehyde fuchsm, while m the fertihzed eggs the 
hyaline layer showed this reaction with Alcian blue, toluidine blue and aldehyde 
fuchsin. 
The vitelline coats of'Asterias amurensis eggs were also isolated by homogeniz-
ing jelly-free eggs in dilute (0.1 M) Ca-free sea water and washing them free of 
cytoplasmic debris in deionized water. This material is stable in D.W. acidified 
to pH 5 and in .Ca-free sea water. It was found to swell to some extent on long 
exposure to D.W. at neutrality, and dissolved enough so that the medmm showed 
weak metachromasia with toluidine blue, but complete dissolution did not take 
place within 20 days at room temperature. The isolated coat material was com-
pletely dissolved in 1M urea within a few hours, giving a strongly metachromatic 
solution containing no suspended material. 
Jelly Goat 
Surrounding the vitelline coat is a layer, between 15 and 301' thick, of very firm 
jelly, which is stable in normal sea water and in sea water acidified to pH 6, but 
swells rapidly and finally dissolves at pH 5.2. In solution this material exhibits a 
strong metachromasia with toludine blue; unlike the dissolved jelly of the Hemicen-
t1·otus egg, the addition of the dye does not cause it to precipitate. Spermatozoa 
exposed to dilute·solutions of this jelly undergo the acrosome reaction and aggluti-
nate irreversibly. 
Does the Starfish Acrosome Contain a Lytic Substance ? 
Thin sections of starfish spermatozoa fixed immediately after treatment with 
dilute jelly solution show a rudimentary acrosomal process being formed in the 
center of the depression previously occupied by the intact acrosomal complex, and a 
characterist.ic layer of some substance covering the whole anterior part of the 
sperm head, consisting of rather stubby microfibrous elements, which are condensed 
to form an irregular precipitation membrane at the outer surface of the layer. This 
material is very conspicuous in sections of spermatozoa fixed 2 seconds after being 
mixed witp. jelly solution (Figs. 3, 4); at 4 seconds it is less in evidence (Fig. 5), and 
cannot be detected after 8 seconds (Fig. 6). 
The rapidity with which this material disappears is a characteristic in common 
with the substances presumed to be vitelline coat lysins in the acrosomes of 
Mytilus (NrrJIMA & DAN, in preparation) and Hydroides (CoL WIN & CoL WIN, 1961). 
Moreover, the anterior surface of the sperm head is the place where such a lytic 
· substance ought to be located if it is to facilitate the passage of the spermatozoon 
through any material surrounding the egg cytoplasm. 
To check the possibility that this Sllbstance might be a vitelline-or jelly-coat 
206 J. DAN and Y. OHORI 
lysin, dense suspensions of Asterias sperm in sea water were frozen-thawed and 
centrifuged; if the spermatozoa contain such a lysin, it should be present in the 
supernatant extract (TYLER, 1939). Unfertilized eggs were exposed to this 
extract and examined microscopically for a dissolving effect on the jelly coat; they 
were also inseminated and their fertilization membranes compared with those 
of untreated controls. Finally, unfertilized eggs exposed to the extract for 20 
minutes were osmium-fixed and sectioned. 
The results of the observations on living material were negative: no evidence 
could be found that the sperm extract caused either swelling or dissolution of the 
jelly coat even after exposures of more than 60 minutes, and the fertilization 
membranes of such eggs were indistinguishable from those of the controls. 
Electron microscopic observation of the sectioned eggs, however, suggested that 
the vitelline coat had been affected by the extract: in some eggs most of the coat 
was removed, completely exposing the microvilli (Fig. 8), while in others the 
denser outer and inner layers of the coat persisted (Fig. 9). The results, however, 
were not constant, probably because the work was done at the end of the breeding 
season, and the experiment must be repeated before it can be decided whether or 
not the starfish acrosome contains a lysin capable of dissolving the vitelline coat 
of the egg. 
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EXPLANATIONS OF FIGURES 
Fig. 1. Surface of unfertilized Asterias amurensis oocyte, osmium-fixed at time of first 
polar body formation. x 1~,000 . . 
. Fig. 2. Asteria,s oocyte, inseminated after first polar body extruswn, fixed 3 mmutes 
later. x 17,000. . 
Fig. 3. Spermatozoa of Asterias amurensis fixed 2 seconds after addition_of dilute JC~ly 
solution. Spermatozoa are agglutinated and undergoing acrosome reactwn. Material 
between sperm heads derived from acrosome. x 28,000. 
Fig. 4. Axial section of A. amurensis spermatozoon fixed 2 seconds after addition of 
jelly solution, showing incipient acrosomal process and typical appearance of acrosome-
derived material covering anterior part of sperm head. x 32.000. 
Fig. 5. Axial section of spermatozoon fixed 4 seconds after addition of jelly solution; 
acrosomal process is longer and lysin (?) reduced in amount. x 32,000. 
Fig. 6. Spermatozoon fixed 8 seconds after treatment with jelly solution. x 32,000. 
Fig. 7. Surface of unfertilized Asterias oocyte fixed 90 minutes after germinal 
vesicle breakdown (15°). x 18,000. 
Figs. 8 and 9. Surface of Asterias oocytes treated for 20 minutes with sea water 
extract of frozen-thawed spermatozoa (containing vitelline coat lysin?). Material of 
vitelline coat removed or reduced to remnants of outermost layer in Fig. 8 ( x 16,000); 
homogeneously ,diminished in Fig. 9 ( x 20,000). 
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